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[57] ABSTRACT

Disclosed 1s an optical connector connecting apparatus.
In the apparatus, a plurality of fixed optical connectors
are mounted on a fixed member in a lined-up manner.
An optical connector containing member having a mov-
able optical connector mounted thereon 1s supported on
a support member through a small-diameter beam. A
moving plate mounted on a base supports the support
member, and the movable optical connector 1s moved 1n
X-ax1s, Y-axis and Z-axis directions so as to be con-
nected to the fixed optical connector. Therefore, a posi-
tion dewviation at the time of the connection is corrected
by the flexing of the small-diameter beam so that f{ine-
positioning 1S unnecessary.

9 Claims, 11 Drawing Sheets
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OPTICAL CONNECTOR CONNECTING
APPARATUS AND OPTICAL CONNECTOR
CONNECTING METHOD

This 15 a continuation of application Ser. No.

07/977,961, filed on Nov. 18, 1992, which was aban-
doned upon the filing hereof.

BACKGROUND OF THE INVENTION

The present invention relates to an optical connector
connecting apparatus which is excellent in reproducibil-
ity of a connection loss to be measured, and is used for
the connection of a multi-core optical connector having
guide pins. Also, the invention relates to an optical
connector connecting apparatus and an optical connec-
tor connecting method in which an optical path switch-
ing, excellent in reproducibility, is effected.

Conventionally, for measuring a connection loss of an
optical connector, a pair of optical connectors 61 and 62
are guided through guide pins 64 as shown in FIG. 14,
and are connected together, and then as shown in FIG.
15, these connectors 61 and 62 thus connected are fixed
together by a resilient clip 63. With this connection
method, however, the fixing by the clip 63 must be done
manually, so that much labor and time have been re-
quired, and another drawback is that the reproducibility
of the measured value has been poor.

Therefore, iIn order to overcome these drawbacks,
there have been proposed connection apparatuses, using
a general-purposed robot or an X-Y-Z stage movable in
three axes directions.

The above-mentioned connecting apparatuses using
the robot or the X-Y-Z stage are of such a construction
that optical connectors are connected by guide pins or
a ferrule, and therefore the positioning of the guide pins
must be done with a high precision on the order of not
more than a micron. Therefore, much labor and time
have been required for the positioning, and besides the
positioning control mechanism has become bulky,
which has disadvantageously resulted in high costs.

Further, the connecting surfaces of the optical con-
nectors have fine depressions and projections, and it 1s
possibie that when these connectors are connected to-
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gether, a gap on the order of 0.1 um to several tens of 45

pm will be formed between optical fiber cores of the
connectors. Therefore, in order to prevent a deteriora-
tion of a connection loss and reflection characteristics
which are caused by this gap, it is a common practice to
fill this gap with a matching agent which matches the
refractive index with the optical fiber core. The match-
ing agent is manually applied to connecting surfaces,
using an applicator 65 as shown in FIG. 16 or a tooth-
pick. However, much labor and time have been re-
quired for such a manual application of the matching
agent.

SUMMARY OF THE INVENTION

With the foregoing in view, it is an object of the
invention to provide an optical connector connecting
apparatus which provides a good reproducibility of
connection, and does not require a complicated control
mechanism.

In order to achieve this object, there must be pro-
vided the type of construction in which the connection
surfaces of a pair of opposed fixed and movable optical
connectors to be connected together can be positively
brought into intimate contact with each other wusing
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guide pins or a ferrule. Here, assuming that the connec-
tion surfaces are disposed perpendicular to the guide
pins or the ferrule, there are two kinds of deviations of
the guide pin or the ferrule from its mating fitting hole,
that is, the deviation due to a paraliel movement and the
deviation due to the rotation or the bending.

On the other hand, it is possible to support the mov-
able optical connector by a mechanical element, such as
a linear guide and a ball bearing, so that this connector
can be stably connected to the fixed optical connector.
However, 1f such a mechanism is used, the rigidity of
the moving mechanism must be increased, and this
would increase the force required for the driving, and as
a result the apparatus would become bulky, and there is
a possibility that the optical connector would be dam-
aged unless the driving force is not suitably controlled.
Therefore, it is necessary to provide an arrangement in
which a displacement of several tens to several hun-
dreds pm 1s enabled by a following force of about sev-
eral hundreds grams.

Further, for continuously checking a plurality of
optical connectors, it is difficult, because of limited
time, to precisely effect a position adjustment in accor-
dance with the position of each fixed optical connector
each time each fixed optical connector is checked. Be-
sides, the amount of displacement (commonly called
“offset””) between the connected movable and fixed
connectors varies depending on the combination.

The present invention provides an optical connector
connecting apparatus including a first optical connector
fixedly supported on a body of the apparatus; a second
optical connector movably supported on the apparatus
body, the second optical connector being moved to be
connected to the first optical connector; and an elastic
member for mediating between one of the optical con-
nectors and the apparatus body, wherein a connection

loss or reflection produced by a connection of the opti-
cal connectors is measured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing a basic con-
struction of a first embodiment of the present invention;

F1G. 2 1s a diagram explanatory of the relation be-
tween a force and a position of a small-diameter beam in
the first embodiment of the present invention;

FIGS. 3(a) and 3(b) are diagrams each explanatory of
a displacement of an optical connector and an optical
connection loss in the first embodiment of the invention;

FIGS. 4(@) and 4(b) are diagrams each explanatory of
a displacement of an optical connector and an optical
connection Joss in the prior art;

FI1GS. 3(a) and 5(b) are perspective views of a second
embodiment of the invention, each showing an optical
connector and its surroundings;

FIGS. 6(a) and 6(b) are side-elevational views of a
third embodiment of the invention, each showing an
optical connector and its surroundings;

FIG. 7 1s a perspective view of a fourth embodiment
of the mvention, showing optical connectors, a support
blocks and the surroundings thereof;

FIG. 8 1s a perspective view showing a basic con-
struction of a fifth embodiment of the present invention;

FIG. 9(a) 1s a vertical cross-sectional view showing a
matching agent coating mechanism in the fifth embodi-
ment;

FIG. 9(b) is a view taken along the line 95—95b of
FI1G. 9(a);
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FIG. 10 1s a procedure of an operation program of the
connection of an optical connector in the embodiment
of the invention;

FIG. 11 is a diagram showing the difference in con-
nection characteristics between the case where the 5
matching agent is applied and the case where the
matching agent is not applied;

FIG. 12(a) is a vertical cross-sectional view of a
matching agent coating mechanism in a sixth embodi-
ment of the invention;

FIG. 12(b) is a view taken along the line 126—12b of
FIG. 12(a);

FIG. 13 is a vertical cross-sectional view of a match-
ing agent coating mechanism in a seventh embodiment
of the invention;

FIG. 14 1s a perspective view of conventional optical
connectors:

FIG. 15 is a perspective view of the conventional
optical connectors in its connected condition; and

FIG. 16 1s a perspective view showing the manner of 20
coating a matching agent to the conventional optical
connectors.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A first embodiment of an optical connector connect-
ing apparatus of the present invention is shown in
FIGS. 1 to 4, and this embodiment will now be de-
scribed with reference to these Figures.

FIG. 1 shows a basic construction of the first embodi-
ment. As shown in this Figure, a plurality of fixed opti-
cal connectors (first optical connectors) 1 are mounted
on fixed members 3 in a lined-up manner. A movable
optical connector (second optical connector) 2 is
mounted on an optical connector containing member 4
in opposed relation to the fixed optical connectors 1.
The optical connector containing meter 4 is fixedly
secured through a small-diameter beam (elastic mem-
ber) 6 (1.5 mm in diameter in this embodiment) to a
support member 7 on an apparatus body 10.

On the other hand, a support bed 12 is supported on
a base 11 through a ball thread 13 and guide shafts 14 so
as to move 1n an X-axis direction, the base 11 constitut-
ing part of the apparatus body 10. An X-axis motor 15
mounted on the base 11 rotates the ball thread 13 to
move the support bed 12 in the X-axis direction.

A moving plate 22 is supported on the support bed 12
through a ball thread 23 and guide shafts 24 so as to
move I a Y-axis direction perpendicular to the X-axis
direction. A Y-axis motor 25 mounted on the support
bed 12 rotates the ball thread 23 to move the moving
plate 22 in the Y-axis direction.

Further, the above-mentioned support member 7 is
supported on the moving plate 22 through a ball thread
33 and guide shafts 34 so as to move in a Z-axis direction
perpendicular to the X-axis direction and the Y-axis
direction. A Z-axis motor 35 mounted on the moving
plate 22 rotates the ball thread 33 to move the support
member 7 in the Z-axis direction.

Namely, the apparatus is constituted by the support
- member 7, the base 11, the ball threads 13, 23 and 33, the
guide shafts 14, 24 and 34, the motors 15, 25 and 35 and
sO on, and the apparatus body 10 serving as the X-Y-Z
stage movably supports the movable optical connector 65
2 through the small-diameter beam 6.

Next, the measurement of an optical attenuation of
the fixed optical connector 1 by the optical connector
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connecting apparatus of the above construction will
now be described.

- The motors 15, 25 and 35 on the apparatus body 10
are driven under a servo control to move the support
member 7 to a prescribed address in the sequence of the
X-axis, the Y-axis and the Z-axis. The movable optical
connector 2 supported through the small-diameter
beam 6 is positioned, and is connected to the fixed opti-
cal connector 1 {0 measure the amount of the optical
attenuation.

Thus, the movable optical connector 2 is mounted on
the support member 7 through the small-diameter beam
6, and therefore when the above connection is to be
effected, the connector 2 is sufficiently displaced with a
small force, following the opposed fixed optical connec-
tor 1, so that the good connection can be achieved.
When the connection is to be released by returning the
support member 7 toward the movable plate 22, the
restraint by the fixed optical connector 1 is released, and
the support member is returned to the neutral position
by the elasticity of the small-diameter beam 6.

Namely, at the distal end portion of the small-diame-
ter beam 6, the relation between the force and the dis-
placement is generally linear as shown in FIG. 2, and
there are provided the characteristics without normal
and reverse hysteresis, and a displacement of 0.4 mm or
more is produced with a force of 1 kg.

FIGS. 3(a) and 3(b) show the dependency of the
connection loss on the displacement amount in this
embodiment. FIG. 3(a) shows the relation between the
connection loss and the displacement in the X-axis di-
rection, and FIG. 3(b) shows the relation between the
connection loss and the displacement in the Y-axis di-
rection. On the other hand, FIGS. 4(¢) and 4(b) show a
similar relation in connection with a comparative exam-
ple, and show the relation between the displacement
and the optical connection loss in the case where a
movable optical connector is mounted within a box-like
container with a gap. In FIGS. 4(a¢) and 4(b), the con-
nection loss greatly varies, and therefore the position
dependency in the X-axis and Y-axis directions can not
be read, and from the view point of the reproducibility
the effect achieved by the construction of the embodi-
ment of the present invention has become clear from
these Figures.

Next, a second embodiment of the present invention
1s shown 1 FIGS. §(¢) and 5(b), and this embodiment
will now be described with reference to this Figure. An
apparatus body used here is the same as that used in the
first embodiment, and explanation thereof will be omit-
ted.

In FIG. 5(a ), two small-diameter beams 46a of a
cylindrical shape are disposed parallel to each other,
and are interposed between a support member 7 and an
optical connector containing member 4, and a movable
optical connector 2 1s supported through the two smali-
diameter beams 464. In FIG. 5(b), four small-diameter
beams 465 are disposed paraliel to one another, and are
interposed similarly. Therefore, the movable optical
connector 2 properly corrects a position deviation
through the flexing of the small-diameter beams 464 or
460D.

Next, FIGS. 6(a) and 6(b) show a third embodiment
of the present invention, and this embodiment will now
be described with reference to this Figure. Explanation
of an apparatus body will be omitted as in the above
embodiment.
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In FI1G. 6(g), although there 1s provided a single
small-diameter beam 56a, it has a reduced-diameter
portion 58z intermediate the opposite ends thereof. In
FI1G. 6(5), similarly, there is provided a single small-
diameter beam 565, and that portion of this beam inter-
mediate the opposite ends thereof is progressively nar-
row. Therefore, a movable optical connector 2 properly
corrects a position deviation through the flexing of the
small-diameter beam 56a or 565 of such a shape.

Next, FIG. 7 shows a fourth embodiment of the pres-
ent mvention, and this embodiment will now be de-
scribed with reference to this Figure. Explanation of a
lower portion of an apparatus body 10 will be omitted
as 1n the foregoing.

As shown in FIG. 7, a support member 7 is supported
on a moving plate 22 through a ball thread 33 and guide
shafts 34 so as to move in a Z-axis direction, and the ball
thread 33 is rotated by a Z-axis motor 35 mounted on
the moving plate 22. Further, a support block 9 is
mounted on the support member 7 through a coil spring
(spring member) 8, and an optical connector containing
member 4 1s mounted on the support block 9 through a
small-diameter beam 6. Therefore, a spring force can be
produced in the Z-axis direction which is the connec-
tion axis direction. A movable connector 2 is fixedly
mounted on the optical connector containing member 4.

In the above construction, when the movable optical
connector 2 is to be connected to a fixed optical connec-
tor 1 by driving the Z-axis motor 35, a predetermined
urging pressure 1s produced by the resiliency of the coil
spring 8, and the measurement of a loss amount can
always be effected in a stable manner.

In the above embodiments, although the optical at-
tenuation amount is measured using the movable optical
connector as the measurement-side optical connector
whereas the fixed optical connector is used as the light
source-side connector, this may be reversed, that is, the
movable optical connector may be the light source-side
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measurement-side one.

In the optical connector connecting apparatuses of
the present invention, the optical connector is mounted
on the apparatus body through the flexible member
such as the elastic member, and as a result when the
optical connectors are to be connected together, such
opposed optical connectors are suitably brought into
agreement with each other to be connected together.
Therefore, the reproducibility of the connection loss
amount is excellent, and besides the need for a fine
positioning mechanism which would make the appara-

tus complicated is obviated. Therefore, the automatic
measurement apparatus can be easily produced.

Continuously, a fifth embodiment of an optical con-
nector connecting apparatus of the present invention is
shown in FIGS. 8 to 11, and this embodiment will now
be described with reference to these Figures. The opti-
cal connector connecting apparatus in this embodiment
1s the same in construction as that in the first embodi-
ment shown in FIG. 1, except for the provision of a
matching agent coating mechanism 20. Therefore, ex-
planation of the same portions as those in the first em-
bodiment will be omitted.

In FIG. 8, the matching agent coating mechanism 20
iIs mounted on a2 base 11 in parallel relation to fixed
members 3, and therefore the matching agent coating
mechamsm 20 faces the connecting surface of a mov-
able optical connector 2.
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As shown in FIGS. 9(@) and 9(b), in the matching
agent coating mechanism 20, a pair of insertion holes 42
for respectively receiving guide pins 64 are formed in a
lower portion of a case 40 which has at its upper portion
a tank 41 for holding the matching agent. An outlet 43
is also formed in this lower portion, and is disposed
between the insertion holes 42. The outlet 43 is con-
nected to the tank 41 by an introduction passage 44, part
of the mntroduction passage 44 intersects the insertion
holes 42. A pair of plunger-like pins 45 are provided in
registry respectively with the insertion holes 42. A
spring 46 wound around the pin 45 normally urges a
generally conically-shaped head of the pin 45 toward
the outlet 43 to close the introduction passage 44.
Therefore, the pins 45 and the springs 46 constitute the
opening and closing means.

The movable optical connector 2 approaches the case
40, and the guide pins 64 are inserted respectively into
the insertion holes 42, so that the movable optical con-
nector is abutted against the case 40. As a result, the pins
45 are retracted to open the introduction passage 44,
and the matching agent is applied from the outlet 43 to
be coated to the connecting surface 2z of the movable
optical connector 2.

Next, reference is now made to the switching of the
optical paths of the fixed optical connectors by the
optical connector connecting apparatus of the above
construction.

The apparatus body 10 is driven under a servo con-
trol of the motors 15, 25 and 35 to move the support
member 7 in the sequence of the X-axis, the Y-axis and
the Z-axis. The movable optical connector 2 supported
through the small-diameter beam 6 is positioned, and is
connected to the fixed optical connector 1, thereby
switching the optical path.

At this time, the movable optical connector 2, in-
structed to be connected to a selected one of the fixed
optical connectors 1, is first abutted against the match-
ing agent coating mechanism 20 disposed in opposed
relation to the movable optical connector 2, and the
matching agent is coated to the end face of the movable
optical connector 2. The movable optical connector 2 is
abutted against the matching agent coating mechanism
20 exther each time the instruction to connect the mov-
able optical connector 2 to the fixed optical connector 1
i1s produced, or each time per they are connected a
predetermined number (N) of times.

FIG. 10 shows one example of operation program
with respect to an optical connector connecting method
of the present invention, and the operation will be de-
scribed with reference to this Figure.

As shown in FIG. 10, when the operation is started,
the number of the fixed optical connector 1, as well as

the connection, is instructed in Step S1. In Step S2, a
required number of connections is recalled from the
memory whenever the power switch is turned on.

In Step 83, the X-, Y- and Z-direction addresses of
the fixed optical connector 1 to be connected are called,
and the target position is confirmed.

In Step S4, the present connection number is judged,
and if the connection number is not O or an integral
multiple of N, the program shifts to Step S6. If the
connection number 1s 0 or an integral multiple of N, the
program shifts to Step S5.

In Step S§, a matching agent coating instruction is
produced, and the movable optical connector 2 is
moved 1n the sequence of the X-axis, the Y-axis and the
Z-ax1s, and the guide pins 64 are inserted into the inser-
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tion holes 42 in the matching agent coating mechanism
20, so that the matching agent is coated onto the con-
necting surface 2a of the movable optical connector 2.
Then, the movable optical connector 2 1s withdrawn,
and 1s returned to the initial position.

In Step S6, an instruction for the connection to the
fixed optical connector 1 is produced, the movable
optical connector 2 is moved in the sequence of the
X-axis, the Y-axis and the Z-axis relative to the fixed
optical connector to be connected, and is connected
thereto. Then, in this condition, signals are sent to effect
various measurements. Instead of the sequential motion
from X to Z in Step SS or S6, a parallel motion of X and
Y can be employed for the purpose of time-saving. In
the latter case, Z motion should be independent to avoid
the damage of guide pins and the connectors.

In Step S7, the count of a connection number counter
is iIncremented one, and in Step S8, it is judged whether
or not this connection number reaches the predeter-
mined number. If this result is “NO”, the program re-
turns to Step S1, and if this result 1s “YES”, the pro-
gram 1s fimished.

Next, results of tests for confirming the effect of the
above optical connector connecting method and appa-
ratus are shown in FIG. 11, and this will be explained
with reference to this Figure.

Referring to the conditions here, the case where the
matching agent is not applied at all is a condition A. The
case where the matching agent is applied each time the
connection is effected 1s a condition B. The case where
the matching agent is applied each time the connection
is effected 10 times is a condition C. The case where the
matching agent is applied each time the connection is
effected 50 times is a condition D. In each case, the
connection loss of the optical connector, as well as
reflection characteristics thereof, was measured. As a
result, as shown in FIG. 11, it has been confirmed that
the characteristics in the conditions B and C are excel-
lent.

Next, a sixth embodiment of an optical connector
connecting apparatus of the present invention is shown
in F1GS. 8, 10, 11, 12(a) and 12(b), and this embodiment
will now be described with reference to these Figures.
Those portions identical to those of the fifth embodi-
ment will be designated by identical reference numerals,
respectively, and a repetition of the explanation is omit-
ted.

As shown in FIGS. 12(a) and 12(b), a cylinder 57,
having a piston 55 urged left by a spring 56, is formed in
a lower portion of a case 50 of a matching agent coating
mechanism 20 which has at its upper portion a tank 51
for holding a matching agent. The tank 51 is communi-
cated via a valve 58 with the space in the cylinder 57,
and the valve 58 is opened and closed by the reciprocal
movement of the piston 55 in right and left directions.
There is provided an introduction passage 54 extending
from the space of the cylinder 57 to an opening 53 dis-
posed midway between insertion holes 52, and the
matching agent is forced from the space of the cylinder
57 into the introduction passage 54 by the reciprocal
movement of the piston 55, so that the matching agent
is discharged from the opening 53.

Therefore, the movable optical connector 2 ap-
proaches the case 50, and the guide pins 64 are inserted
respectively into the insertion holes 52, so that the mov-
able optical connector 2 is abutted against the case 50.
As a result, the piston 8§ is moved right, so that the
matching agent flows out of the case 50 to deposit on
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the connecting surface 2a¢ of the movable optical con-
nector 2. When the guide pins 64 are withdrawn from
the insertion holes 52, the spring 56 is urged left, and
therefore the piston 35 i1s moved, and at the same time
the valve 58 is opened to replenish the cylinder 57 with
the matching agent.

Next, a seventh embodiment of an optical connector
connecting apparatus of the present invention is shown
in FIGS. 8, 10, 11 and 13, and this embodiment will now
be described with reference to these Figures. Those
portions identical to those of the fifth embodiment will
be designated by identical reference numerals, respec-
tively, and a repetition of the explanation is omitted.

As shown in FIG. 13, a swelling cloth 73 is supported
on an outer peripheral surface of a tank 71 of a matching
agent coating mechanism 20 which holds a matching
agent. The lower end portion of the swelling cloth 73 is
dipped in the matching agent. A pair of insertion holes
72 for respectively receiving the guide pins 64 are
formed in the upper portion of the tank 71 in such a

- manner that the swelling cloth 73 is disposed between

these insertion holes 72. Therefore, when the movable
optical connector 2 is abutted against the swelling cloth
73 with the guide pins 64 inserted in the insertion holes
72, the matching agent impregnated in the swelling
cloth 73 by a surface tension is applied to the connecting
surface of the movable optical connector 2.

In the above description, although the guide pins 64
of the movable optical connector 2 push the plunger-
like pins 45 or the piston 55, the part for pushing these
pins 43 and piston S5 are not limited to the guide pins 64,
and any part connected to the movable optical connec-
tor 2 may be used for this purpose.

In the optical connector connecting apparatus ac-
cording to the present invention, the matching agent is
provided between the connecting surfaces when the
optical connectors are connected together, and there-
fore the connection loss amount is reduced, and the fine
positioning mechanism which makes the apparatus con-
struction complicated becomes unnecessary.

What 1s claimed is: |

1. An optical connector connecting apparatus com-
prising:

a first optical connector fixedly supported on a body

of said apparatus;

a second optical connector movably supported on the

apparatus body,

an elastic member having first and second ends, said

first end being coupled to said second optical con-
nector,

means coupled to said second end of said elastic mem-

ber for moving said elastic member and thus said
second optical connector in three spatial planes so
as to connect said second optical connector to said
first optical connector;

whereby a connection loss due to displacement of the

second optical connector in at least two of the
spatial planes is minimized. |

2. The optical connector connecting apparatus ac--
cording to claim 1, wherein said elastic member in-
cludes a beam which has flexibility and has a narrow,
elongate shape, said second optical connector being
mounted and supported on a distal end of said beam.

3. The optical connector connecting apparatus ac-
cording to claim 2, wherein said beam varies in cross-
sectional shape 1n 1ts longitudinal direction.

4. The optical connector connecting apparatus ac-
cording to claim 1, wherein said elastic member in-
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cludes a plurality of beams which have flexibility and
have a narrow, elongate shape, said second optical con-
nector being mounted and supporied on distal ends of
said beams. | |
5. An optical connector connecting apparatus com-
prising:
a first optical connector fixedly supported on a body
of said apparatus;
a second optical connector movably supported on the
apparatus body, said second optical connector
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being moved to be connected to said first optical
connector;

an elastic member for mediating between one of said
optical connectors and the apparatus body; and

a spring member producing a spring force in a direc-
tion of the axis of connection of said one optical
connector is provided between said one optical
connector and the apparatus body,

wherein a connection loss, produced by a connection

of said optical connectors is measured.
* - *¥ X >
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